Abstract

21
BrrF is a Fur-regulated small RNA highly upregulated in Burkholderia cenocepacia Burkholderia cenocepacia J2315 is a member of the Burkholderia cepacia complex 50 (BCC), a group of aerobic Gram-negative beta-proteobacteria which mainly live in the 51 rhizosphere, but can also act as opportunistic pathogens, particularly in individuals 52 with cystic fibrosis [1] .
53
Iron is essential for living organisms, as part of the catalytic/active site of many 54 enzymes, yet it is mostly inaccessible for bacteria due to the low solubility under oxic 55 conditions at neutral pH [2, 3] . Iron acquisition mechanisms are therefore important for 
64
The ferric uptake regulator (Fur) is important for iron homeostasis in many bacteria.
65
Its best known mechanism of action is the repression of genes involved in iron uptake 66 under iron replete conditions by iron-dependent binding to a specific sequence motif, 67 the Fur box [2] . In Escherichia coli and Pseudomonas aeruginosa Fur also positively 68 regulates SOD, the iron scavenger protein bacterioferritin and several enzymes of the 69 tricarboxylic acid cycle (TCA) [4, 5] . This positive regulation was attributed to indirect 70 effects mediated by Fur-regulated small RNAs (sRNAs), RyhB in E. coli [5] and PrrF 71 in P. aeruginosa [4] . Under iron-depletion the Fur repression of these sRNAs is lifted, 72 they bind to the mRNA of their targets and the sRNA-mRNA hybrid is then rapidly 73 degraded, or the translation of targets is inhibited [6] . This reduces the demand for 74 iron in the cell, since many targets have iron or iron-sulfur clusters as cofactor.
75
A small RNA highly upregulated under iron depletion was identified in B. cenocepacia 76 J2315 by screening dRNA-Seq data for short transcripts [7, 8] and designated ncS63.
77
Its computationally predicted targets included confirmed targets of E. coli RyhB and P. 78 aeruginosa PrrF, such as sdhC and sodB [4, 5, 9, 10] BrrF is located within the 3' end of BCAL2297, a small protein designated HemP for 88 its involvement in heme iron uptake in Burkholderia multivorans (Fig. 1, [12] (Fig. S2 ) and the whole genome screened for motif 117 occurrences. Fur boxes were identified directly upstream of the TSS for hemP (Fig. 1 Table S1 ). The categories with the largest number of genes with known 133 function were amino acid transport and metabolism (12.6%) and energy production 134 and conversion (10.0%). Most predicted interactions involved the 5' end of BrrF (Table   135 S1), notable exceptions were targets sdhC and sdhA (Fig. 2) .
136
Functional enrichment analysis of predicted targets pointed to a relative over- The deletion mutant brrF had no growth defect compared to wild type (WT) in iron-159 replete media, neither in a rich medium nor during growth on single carbon sources in 160 a mineral medium (Fig. 3A, Fig. S3 ). Under iron limitation, brrF grew marginally faster 161 than WT, while overexpressing BrrF from a vector (WT-pBrrF-d1 and WT-pBrrF-d2) 162 attenuated growth (Fig. 3B) and it grew faster than WT on four of them (Fig. 3C, Fig. S3 ). This is consistent with a 
209
Under iron-replete conditions, overexpressing BrrF in the wild type strain significantly 210 repressed acnA and fumA, and induced fumC (Table S2 ). In line with this, aconitase 211 activity was also reduced by BrrF overexpression (Fig. 6 ). This suggests that growth Finally, BrrF overexpression in brrF under iron-depletion had a bigger effect than 218 overexpression in the same strain under iron-replete condition (Table S2) All incubations were performed at 37ºC.
291
Strains and plasmids
292
B. cenocepacia strain J2315 (Table S3 ) was used as background for all experiments.
293
A brrF deletion mutant was constructed by allelic recombination as described by 
302
The transcript expressed from pBrrF-d1 needs to be processed/cleaved to produce All primer sequences are listed in Table S4 .
321
Growth curves
322
Growth on single carbon sources was measured in round-bottom 96-well microtiter 323 plates (SPL Life Sciences) in a temperature-controlled microplate reader (Envision,
324
Perkin Elmer), with intermittent shaking. Cells were inoculated at 10 6 CFU/ml and 325 optical density (O.D.) was measured at 30 min intervals over >60 hours. The mineral 326 medium was supplemented with 0.05% yeast extract and 0.05% casamino acids, 327 without which strain J2315 would grow extremely slowly in on only one carbon source.
328
Controls with only the organic supplements were run on every plate. Compounds were 329 purchased from Sigma-Aldrich, Fluka, Janssen, and Acros Organics. Every compound 330 was tested in at least two independent biological replicates 331 Growth in LB broth was investigated using glass flasks in a shaking incubator. Growth 332 was monitored every 2 min using a Cell Growth Quantifier (Aquila Biolabs). Cells were grown in 25 ml LB broth in flasks on a shaker as described above.
378
Rhamnose and/or dipyridyl were added 30 min before flasks were cooled in ice water Table S4 .
392
Computational methods
393
To identify loci with Fur boxes in the B. cenocepacia J2315 genome, and to predict the and returned to MEME for motif prediction. The resulting motif (Fig. S2) Table S3 : Strains and plasmids used in this study.
623 Table S4 : Primers used in this study. acnA ( 
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Figure 6: BrrF-dependent reduction in aconitase activity. Cultures were grown under iron-replete conditions in LB broth to mid-log phase and rhamnose was added one hour before harvest and protein extraction. Cell-free protein extracts in a 20 mM citrate buffer were supplemented with 40 mM DL-isocitrate and increase in absorbance was measured at 240 nm in a spectrophotometer. Asterisks: Significant difference to the respective control, with p ≤ 0.05. VC: vector control. 
